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Abstract: 

In this paper , the UHF antenna system for the link between 
Moon Impact Probe (MIP) and the Chandrayaan-1 is 
discussed. This link uses inverted ( F’ antenna (IFA) in 
turnstile configuration for RCP transmission and a printed 
RCP Quadri Filer Helix (QFH) antenna for receive system. 
The IF A makes the system very compact where as the QFH 
makes the system configuration very simple with respect to 
the connection between receiver and antenna. The filers of 
the QFH are fractional turn and shorted to each other at the 
radiating end. They are printed on a thin glass epoxy 
substrate and fed through a feed network mounted on the 
base of the QFH. 

Index Terms — Turnstile antenna , UHF Antenna , QFH 
Antenna, MIP Antenna 


I. Introduction 

Chandrayaan-1 is the India’s first mission to the Moon 
to understand the chemical composition and to generate a 
high resolution map of the Moon surface. Though most of 
the payloads acquire required data by means of remote 
sensing, one of the payloads of Chandrayaan-1 called 
Moon Impact Probe (MIP) is going to get separated from 
the main spacecraft and land on the moon. Before 
crashing on to the Moon it performs some important 
experiments and takes closer pictures of the Moon 
surface and sends them back to Chandrayaan-1 through a 
UHF link operating in right hand circular polarization 
(RCP) mode. This communication link requires two 
antenna systems, one on the MIP side and the other on 
the orbiter viz. Chandrayaan-1 side. To have a proper 
link with adequate margin a combined peak gain of 6dBi 
from both of these antennas is required. In the path of the 
decent MIP it will be tilted and it will be spin stabilized. 
At any given time the look angle between the MIP and 
Chandrayaan-1 antenna will lie within a cone of half cone 
angle of 30°. So the RF link has to provide the required 
gain value for +30° pointing mismatch between the 
antennas. Depending on the real estate available on the 
satellite & MIP and the other considerations from the 
accommodation point of view, suitable antenna systems 
have been worked out. 

The MIP is of small size and hence not much of the 
volume is available for antenna system. At lower 
frequency bands like VHF and UHF the most preferred 
configuration for the generation of RCP radiation is to 
use linearly polarized elements like monopole in turnstile 


configuration, in which the four elements are fed in equal 
amplitude and in sequential phase. The direction of 
rotation of the phase determines the nature of polarization 
(LCP/RCP) of radiation. For the UHF link on the MIP at 
402.5MHz a very compact turnstile configuration has 
been designed using Inverted ‘F’ Antennas (IFA) for 
transmitting system, where as for reception at 
Chandrayaan-1 side, an antenna with much simpler 
configuration has been designed. This is a printed QFH 
antenna with its feed integrated to it and having very 
good circular symmetric pattern. This configuration is 
simple in a sense that there is only one direct cable 
connection from the antenna to the receiver. 

II. Design Of The Antenna System 

A. Turnstile Antenna System 

Due to the size and mass restriction on the system 
the antenna system for the MIP should be compact in 
volume and at the same time lighter in weight. 
Considering these facts the IF As are chosen as the basic 
radiating elements. The IF As are low profile antennas 
and can be configured by bending a A/4 monopole 
element mounted on a ground plane into an ‘L’ shape. 
These antennas are fed at a point offset from the 
mounting point and the location of feed point is adjusted 
to achieve a good impedance matching. These antennas 
are also known as missile antennas and because of its 
compact configuration they are being used widely in 
printed form in mobile communication system. Four of 
these elements are placed on the four arms of a square of 
side approximately 350mm and they are fed in equal 
amplitude and sequential phase. Dimension of the square 
is decided based on the length of the IFA and the size 
available for the accommodation of the antenna. A 
simulation of this configuration was carried out using a 
commercially available Method of Moments (MOM) 
design tool and the various radiation pattern parameters 
like beam width, circular symmetry, back lobes, cross 
polar levels etc. Similar exercises were also carried out 
for other inter-element spacing for further improvement. 
As the frequency is relatively low and a significant 
increase element spacing is not possible to place the 
antennas, the 350 mm square configuration was finalized. 
The resultant configuration becomes like two crossed 
dipole energized with currents of equal magnitude but in 
phase quadrature. Taking the finite dimension of the 
dipole this configuration can be considered as George 



Brown turnstile antenna. In this case the rms filed pattern 
in the plane of the crossed dipole, is slightly deviate from 
the circular one however it generates circularly polarized 
radiation pattern in the axial direction [6]. The nature of 
the polarization depends on rotation of the phase for the 
excitation to the individual elements. Fig.l shows the 
excitation phase required to generate a RCP radiation 
coming out of the plane of the paper. For the generation 
of the required excitation a micro strip feed network with 
equal amplitude and quadrature phase in the required 
configuration has been designed. This network comprises 
of two levels of equal division of power using 
symmetrical ‘T’ junctions to generate four 



Fig. 1. Configuration for RCP radiation coming out perpendicular to 
the plane of the page 

output ports. The length of the arms of the ‘T’s are 
adjusted at both the level to generate the required 
sequential phase. To reduce the size of the feed network, 
it is realized on a high dielectric substrate, RT/ Duroid 
6010 (er=10.2, thickness=50 mils). The input and output 
port impedance of the network is kept 50Q and 
accordingly the impedance of the other lines and the 
transformers are decided. The feed network has been 
optimized in circuit simulator from LINMIC for its 
electrical performance. Meandering on microstrip lines 
has been done to minimize the circuit dimension. Closer 
meandering couples higher signals from adjacent lines 
and hence the performance of the feed network is 
simulated using an EM simulator to account for these 
strong coupling. The antennas are connected to the 
power divider in proper order using equiphase cables. 

B. QFH Antenna 

The quadrifilar helix antenna, commonly known as 
QFH antenna consists of four helices spaced equally on 
the circumference of a cylinder and fed with equal 
amplitude signals with relative phases of 0°, 90°, 180° 
and 270°. The radiation pattern and the pattern properties 
like front to back ratio, axial ratio are controlled by the 
parameters of the helix and the excitation of the helices. 
Helix parameters, like number of turn, diameter and the 
length of the helix are controlled to get the required 
pattern and the resonance frequency. These parameters 
also control the impedance value at resonance. The 
polarization of the QFH depends on the combination of 
the sense of winding of the helix and the sense of rotation 


of the excitation phase. To generate a RCP radiation 
pattern axially and in the forward direction the filers need 
to be winded counterclockwise and the excitation phase 
of any filer should lag by 90° compared to a filer located 
next in counterclockwise direction, when viewed in the 
direction of propagation from the back of the antenna. 

For the present case to reduce the length of the helices 
these parameters are optimized and the radiating ends of 
the helices are shorted to each other by a circular ring. At 
the optimized condition the helices are of 0.3Ao in length, 
of 0.5 fractional turn and rapped around a cylinder of 
0.2Ao diameter. The filers of width 30mm were printed on 
a Glass Epoxy substrate of thickness lOmil and then 
rapped around a cylinder to form the QFH. In this 
condition the input impedance of the filers is 9Q. 
Accordingly the feed network for the QFH is designed 
for a terminating impedance of 9Q. This power divider is 
an equal power divider using two levels of symmetrical 
T’ junction and having input impedance of 50Q. This 
power divider is realized on a RT/ Duroid 6010 (e r =10.2, 
thickness=50 mils) substrate and shaped in a circular 
manner for the accommodation inside the cylindrical filer 
structure. The PCB containing the filers of the QFH is 
bonded to the periphery of a circular plate where on the 
flat side the power divider is mounted. The output of the 
power divider is connected to the filers by means of Cu 
strip. The realized hardware is shown in fig.5. 

III. Experimental Results 

The antenna systems as discussed are realized and 
have been tested for its performance. Initially the 
individual IF As are tuned at the required frequency. The 
power divider has been characterized and found to have 
very good phase and amplitude balance at the output port 
at 402.5MHz. Then these components have been 
assembled on a plate to simulate the flight configuration 
as shown in fig. 2. Equiphase cables have been used 
between the power divider and the IF As. The return loss 
for the turnstile configuration is shown in fig. 3 and that 
of the QFH antenna is shown in fig 6. At the required 
frequency they are having -18 and -28 dB return loss 
respectively with a good band width to take care of any 
shift in frequency due to operational environment. The 
radiation properties of these antennas are also 
characterized at the anechoic chamber. The measured co 
& cross-pol gain calibrated radiation pattern at 
402.5MHz for the turnstile configuration is shown in fig. 
4 and that of the QFH is shown in fig.7. For both the 
antennas the on axis crosspol levels are down by more 
than lOdB. The measured peak gain of the turnstile 
antenna is 4.0dBi and that of the QFH is 3.5dBi. As 
discussed earlier the gain requirement for the link from 
the combined antennas is 6dBi. So there is a margin of 
1.5dB available for the peak gain values of the antennas. 
From the plot of the MIP side antenna pattern, it can be 
seen that at +30° the gain is down by ldB to 1.5dB. So 
the margin in the peak gain value will take care of the 
±30° mismatch that may happen in the path of decent of 
MIP. All the measured parameters for the antennas are as 
per design and meet the mission requirements. 
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Fig.2. Inverted ‘F’ antenna in turnstile configuration mounted on a 
dummy test plate 
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Fig. 6. Measure return loss of the integrated QFH 



Fig. 3. Return loss of Inverted ‘F’ antenna in turnstile configuration 
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Fig. 5. Fabricated QFH antenna with integrated feed 



Fig. 7. Measured Co & X-pol radiation pattern for the QFH 


IV. Conclusion 

In this paper the UHF antenna system for 
MIP/Chandrayaan-1 is discussed. The MIP side system is 
very compact one and that of the Chandrayaan-1 side the 
system is very simple. For this the QFH with top of the 
filers shorted to each other, and the turnstile antenna 
using IF A are designed. Measured performance of the 
antennas is as per design. Link test has also been 
performed with both the antennas and the transmitter and 
receiver of the UHF link and the received signal in the 
receiver confirms the gain and other performance of the 
antenna systems developed for the MIP payload. 
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